Background The aim of the study was to determine whether significant daily and hourly variations in acute admissions to hospital were evident over time, and to determine whether significant changes in patient and management characteristics had occurred over time.
Introduction
Between 1985 and 1995, the annual flow of National Health Service (NHS) patients through acute hospitals in Great Britain increased by 28 per cent, whereas hospital bed capacity fell by 33 per cent. 1 At one level, such data might be taken to indicate increasing efficiency in the use of hospital capital, involving reductions in the average length of in-patient stay and the more frequent use of day-case surgery. 2 This having been said, the overall rise in hospital in-patient admissions itself requires explanation, especially in view of a perceived up-turn in admission rates in recent years.
A number of possible contributory factors have been suggested, for example, the increasing care needs of an ageing population, rising patient expectations 3 and the organizational changes precipitated by the 1990 NHS Act. For admissions initiated as a result of referrals on the part of general practitioners (GPs), changes in GP referral policy may also contribute to an explanation, for example, increasing fear of litigation. 4 Concern has been expressed that a proportion of hospital admissions might be technically inappropriate, and that this proportion has been rising over time. [5] [6] [7] [8] [9] Existing research has failed to detect systematic explanations for referral behaviour beyond the level of the individual GP, 10, 11 although there is certainly evidence that, with respect to suspected myocardial infarction, GPs' referral thresholds have been generally falling. 12 Before seeking an explanation for the phenomenon, it is important to analyse its nature. Surprisingly little is known about the longer-term patterns of acute admissions below the national or regional level. 2 In part, the absence of longitudinal data has arisen from hospitals' tendencies to revise regularly their organization and system of data recording. 13 Unusually, the Doncaster Royal Infirmary (DRI) maintained the same adult acute admission procedure for a decade, until the end of 1995. The objective of the research was, first, to determine whether significant daily and hourly variations in acute admissions were evident from the DRI data. Second, we hoped to determine whether any significant changes in patient and management characteristics had occurred over time.
Method
Up to 1995, patients arriving at the DRI were filtered through a transit ward, before proceeding to the hospital's treatment wards or to other destinations. The basic details of each patient were logged manually by an admissions nurse, in an accumulating series of ledgers. Since 1995, the manual recording system has given way to electronic records, although the former contains an information set that straddles the implementation of the 1990 NHS Act (April 1991). From the transit ward ledgers, we transcribed two sets of data. First, and to examine day-of-the-week effects, we calculated the number of transit ward arrivals per day, for the first 28 days of each month from October 1993 to May 1994, inclusive. By implication, there were 32 observations for each day of the week.
The second, and by far the larger, data set entailed the transcription of individual patient records from the ledgers, for the first 28 days of October for four separate years, selected from a ten-year period. A consistent time-frame was chosen to minimize the impact of any seasonal effects that might have existed. The month of October was selected for investigation because, for the period 1992-1995, the mean arrivals for that month were closest to the mean of the means for all months. The years selected were 1986, 1990, 1993 and 1995. The two end-point years represented the extremes of the ledgers available to us, and the second year was chosen as representing the conclusion of the pre-NHS-reform period. Given prior expectations of behavioural differences following the implementation of the NHS reforms, 14 we felt it important to select the two intermediate observation years so as to minimize any instabilities around the transition date.
A total of 2131 individual records were transcribed to obtain the second data set. Each record comprised time of arrival at, and departure from, the transit ward, and patient age and sex. From the first two elements, length of stay in the transit ward was calculated. We also recorded the subsequent management of each patient -transfer to treatment ward, coronary care unit (CCU) or another hospital, or whether the patient absconded, died or was sent home without treatment. For the purposes of analysis and data presentation, the relatively small numbers in the deaths, absconding and transfers to other hospitals categories were combined as 'other'. Figure 1 , constructed from the 1993-1994, 'day-of-the-week' data set, demonstrates that Monday's arrivals were typically the highest for the week. In contrast, weekend arrivals (Saturday and Sunday) were significantly lower that those of the remaining days of the week.
Results
Using the second and larger data set, the time of arrival was analysed as integer values of hours on the 24-hour clock (0-23 h, representing midnight to 11 p.m.). No significant difference between the arrival times in the distributions for the four individual years was detected (Kruskal-Wallis oneway analysis of variance, p ¼ 0.60). Thus the pooled data were used to construct a frequency distribution of arrival times. The resulting histogram (Fig. 2) shows that the arrival rate picked up sharply from around 7-8 a.m., to reach a maximum a little after midday. Thereafter, it gradually declined, with minor peaks in the early evening (6-7 p.m.) and at around midnight. Fourth, the proportion of both male and female admissions passing on to the CCU fell significantly in 1995 (one-way analysis of variance).
The mean length of stay in the transit ward for males was not significantly different from that of females for any year. However, it was significantly longer in 1995 than for any of the previous years, for both sexes. This may be ascribed to less intensive use of the CCU in this last year. For the sample as a whole, mean lengths of stay before transfer to wards, CCU, home and other destinations were, respectively, 5.28, 2.23, 5.90 and 4.85 h. The CCU length of stay was significantly lower than all of the others, whereas the duration of stay for patients transferring to other wards was significantly lower than that for patients returning home (one-way analysis of variance). Finally, the time interval between successive arrivals in the transit ward has evidently fallen. The difference is significant for all pair-wise comparisons, except 1993 and 1995 (one-way analysis of variance), and is a consequence of an increasing demand on the service.
The age-sex structure of our sample may be compared with that of the general Doncaster population between two Census years, 1981 and 1991. Although the net population change over the period was positive (0.67 per cent), females increased by 1.86 per cent whereas males fell by 0.54 per cent. The population of the area evidently aged, with the proportion aged 25 years and under falling by 4.4 and 4.5 percentage points, for males and females, respectively. The proportion aged 60 years and over correspondingly grew by 2.7 and 3.0 percentage points. Based on the histogram evidence of Fig. 2 , we proceeded to define two periods of the day, namely, a 'peak' period (between the integer hours of 10 a.m. and 9 p.m. inclusive) and the 'night' period (the remainder). The night period matched the current time limits of GPs' out-of-hours service, plus an extra hour subsequent, and was therefore taken to correspond to referrals made during the out-of-hours period. Descriptive statistics based on this classification of the data appear in the first two columns of Table 2 , from which we may conclude, first, that patients arriving during the peak period were significantly older than those arriving during the night (t-test, p < 0.01). Second, males were significantly more heavily represented amongst night arrivals (x 2 ¼ 5.40, p ¼ 0.02).
Third, there was no significant difference in subsequent destination between peak and night arrivals (x 2 ¼ 4.91,
Finally, mean duration of stay for night arrivals was significantly longer than for peak period arrivals (t-test, p < 0.01). One factor accounting for this may be capacity constraint relative to throughput. The mean time interval between successive night arrivals was significantly higher than for that of peak period arrivals (t-test, p < 0.01).
As age is a known predictor of morbidity, we hypothesized that patient management characteristics might vary with age. The age range of the sample was 13-99 years for females, and 14-96 years for males. We divided the full patient sample into three age ranges -early working age (up to 44 years, inclusive), later working age (45-64 years) and retirement (65 years and above). The descriptive statistics are presented in the last three columns of Table 2 , from which it may be concluded, first, that the gender composition of arrivals at the transit unit did not differ by age (x 2 ¼ 4.24, p ¼ 0.24). Second, the proportion of arrivals above retirement age increased significantly over time, at the expense of those of later working age (x 2 ¼ 26.13, p < 0.01). Third, the proportion of patients sent home from the transit unit significantly decreased with age, whereas the proportion sent to treatment wards correspondingly increased (x 2 ¼ 178.23, p < 0.01).
Fourth, mean durations of stay in the transit ward differed significantly between the age groups (one-way analysis of variance). This may be ascribed to the pattern of destinations characteristic of each age group: we earlier established significant differences in durations between destinations. Finally, no significant differences were evident with respect to mean intervals between arrivals.
Discussion
On the basis of our analysis we conclude that, in the recent past, arrivals at the DRI have been characterized by day-of-theweek seasonality, being relatively uncommon at weekends and peaking at the start of the working week. Within each 24-hour period, admissions peaked at midday and slowly declined throughout the night. Both of these patterns strongly mirror the structure of the working day in general practice. Arrivals evidently increased in 1993 and 1995, in comparison with 1986 and 1990, although the admission-by-time-of-day pattern appears to have been stable over time. In comparison with the 1986 and 1990 arrivals, those for 1993 and 1995 were more likely to be female and of higher ages. These data indicate that patient numbers and characteristics both changed after the implementation of the NHS reforms, although they do not allow us to attribute any direct causality. The Doncaster area generally appears to have experienced population ageing, with a probable contributory effect on the changing characteristics of the arrivals. In the past, attention has been directed to the possibility that the rising admissions trend has been driven by an increasing number of inappropriate referrals, [17] [18] [19] [20] although few other studies have taken such a long-term perspective as this one. However, if we interpret 'appropriateness' as entailing patient management involving anything other than sending the patient home, it appears that the proportion of inappropriate admissions to the DRI did not change between 1986 and 1995.
